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© Phase controlled demodulator for digital communications system. 



© In a phase controlled demodulator, a modulated 
digital input signal is demodulated (102) Into quadra- 
ture signals with a carrier recovered by a voltage 
controlled oscillator (104). The phase difference be- 
tween the quadrature signals is detected by a phase 
detector (103) of a Costas loop and applied through 
a loop filter (105) to the voltage controlled oscillator 
(104) to control the frequency and phase of the 
recovered carrier when the frequency deviation be- 
tween the received and recovered carriers is within a 
phase control range. When the frequency deviation 
exceeds the phase control range.the output of the 
<^ phase detector (103) is a beat of the two carriers 
^and a frequency sweep control voltage is applied to 
^the VCO to search for a missing carrier. The mag- 
nitude of the beat is detected (107, 108, 109) and 
I 1 ** compared (110)with a predetermined threshold vai- 
l^ue. When the frequency deviation is far beyond the 
CJ) control range, the magnitude of the beat is lower 
^than the threshold, but exceeds it at the instant the 
©demodulator enters the control range, whereupon the 
ft frequency sweep control voltage is removed from 
3] the VCO. 
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"Phase C ntrolled Demodulator for Digital Communications System" 



BACKGROUND OF THE INVENTION 



The present invention relates generally to de- 
modulators for digital radio communications sys- 
tems and more specifically to a phase controlled 
demodulator of the type wherein frequency sweep- 
ing operation is effected when there is a large 
frequency difference between a received carrier 
and a recovered carrier. 

In a satellite communications system, the de- 
modulator at a receiving end suffers carrier fre- 
quency fluctuations due to the instabilities of the 
local oscillator of the satellite transponder. Fre- 
quency sweeping technique is currently employed 
to search for a missing carrier when the frequency 
deviation exceeds the phase control range of the 
demodulator. When the demodulator is pulled into 
the phase control range, the sweeping operation 
must be terminated to allow normal closed loop 
operation to be resumed. However, the conven- 
tional phase lock detector takes long to detect 
when the demodulator is phase locked and re- 
quires complex external circuitry. 



SUMMARY OF THE INVENTION 



It is therefore an object of the present invention 
to provide a phase controlled demodulator which is 
capable of quickly detecting a phase lock state with 
simplified circuitry. 

In the phase controlled demodulator of the 
present invention, a modulated digital input signal 
is demodulated into quadrature signals with a car- 
rier recovered by a voltage controlled oscillator. A 
phase difference between the quadrature signals is 
detected and applied through a loop filter to the 
voltage controlled oscillator to control the frequen- 
cy and phase of the recovered carrier when the 
frequency deviation between the received and re- 
covered carriers is within a phase control range. 
When the frequency deviation exceeds beyond the 
phase control range, a frequency sweep control 
voltage is applied to the voltage controlled oscilla- 
tor to search for a missing carrier. The present 
invention is based on the fact that when the de- 
modulator is out of % sync, the output of the phase 
difference detector is a beat of the two carriers with 
an amplitude varying monotonically between posi- 
tive and negative values. 

According to the present invention, a phase 
lock detector is provided for detecting the mag- 



nitude of the beat and comparing it with a predeter- 
mined threshold value corresponding to an amount 
of frequency deviation which can occur within the 
phase control range. When the frequency deviation 

s between the two carriers is far beyond the phase 
control range, the magnitude of the beat is lower 
than the threshold value, but exceeds the threshold 
at the instant the demodulator enters the phase 
control range. When this occurs, the phase lock 

jo detector generates an output for terminating the 
application of the frequency sweep control voltage 
to the VCO. 

Preferably, the phase lock detector includes a 
low-pass filter connected to the output of the phase 

/5 difference detector, a polarity inverter for inverting 
a first polarity of the beat frequency signal and 
combining the inverted polarity with a second, op- 
posite polarity of the beat to produce a beat fre- 
quency signal of a uniform polarity. An average 

20 value of the uniform polarity beat signal is taken • 
and compared with the threshold value. Alternative- 
ly, an integrator is connected to the output of the 
phase difference detector for comparing an inte- 
grated beat signal with the threshold value. The 

25 integrated signal increases beyond the threshold 
when the demodulator is pulled into the phase 
control range. 

00 BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be described in fur- 
ther detail with reference to the accompanying 
35 drawings, in which: 

Fig. 1 is a block diagram of a phase con- 
trolled demodulator circuit according to the present 
invention; 

Figs. 2a and 2b are graphic illustrations of 
40 phase detection characteristic and the waveform of 
a beat at the output of the phase detector of Fig. 1 ; 

Fig. 3 is an illustration of the waveform gen- 
erated at the output of the low-pass filter of Fig. 1 ; 
Fig. 4 is an illustration of the waveform gen- 
45 erated at the output of the average value circuit of 
Fig. t; and 

Fig. 5 is a block diagram of an alternative 
form of the present invention. 

so 

DETAILED DESCRIPTION 



Referring now to Fig. 1 , there is shown a phas 
controlled demodulator circuit of a digital commu- 
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nications system according to the present inven- 
tion. The demodulator circuit comprises a de- 
modulator 101 and a phase lock detector including 
a low-pass filter 107, an absolute value circuit 108, 
an averaging circuit 109 and a comparator 110. 
The demodulator 101 is of a conventional d .sign 
and includes a quadrature detector 102, a Costas- 
loop phase detector 103, a loop filter 105, an adder 
106, a voltage controller oscillator 104 and a con- 
trol circuit 111. 

Quadrature detector 102 includes inputs for 
receiving a modulated digital input signal such as 
2PSK or 4PSK signal supplied over a satellite 
downlink, for example, and a recovered carrier from 
the voltage controlled oscillator 104 to perform 
quadrature demodulation to produce I and Q output 
signals which are made available at output termi- 
nals 112 and at the inputs of the phase detector 
103. A phase difference between the I and Q 
signals is detected by the phase detector and fed 
through the loop filter 105. to one input of the adder 
106 to which the output of the control circuit 1 11 is 
also connected. When the demodulator is. in sync 
with the transmitter carrier, the output of loop filter 
105 is coupled to the voltage controlled oscillator 
104 to establish a phase locked loop. However, if it 
goes out of sync, the loop filter 105 is disabled by 
a signal supplied on lead 113 from the control 
circuit 111 an the latter supplies a frequency 
sweep control voltage via adder 106 to the voltage 
controlled oscillator 104 in response to a sweep 
command signal supplied from an out-of-phase 
lock detector, not shown, in order to sweep the 
recovered carrier across a wide range of frequen- 
cies in search of the frequency of the received 
carrier which is subject to change due to instabil- 
ities inherent to the satellite transponder. 

The phase lock detector of the invention takes 
its input from the output of phase detector 103. As 
will be described hereinbelow, when the demodula- 
tor 101 goes out of sync, the output of Costas-loop 
phase detector 103 becomes a beat frequency 
signal having a frequency 2Af for a 2PSK input and 
4Af for a 4PSK input carriers, where Af is the 
frequency difference' between the received and re- 
covered carriers The output of phase detector 103 
is filtered through the low-pass filter 107 to the 
absolute value circuit 108 where the negative value 
of the input is converted to a positive value and 
combined with the original positive value and fed to 
the averaging circuit 109. An average value of the 
output of the absolute value circuit 108 is taken by 
the averaging circuit 109 and applied to one input 
of the comparator 110 where it is compared with a 
predetermined threshold voltage which represents 
a small frequency deviation which indicates that the 
demodulator is in the phase lock range. Compara- 
tor 110 generates an output at logic 1 or 0 depend- 



ing on the relative values of the compared inputs 
and supplies it to the control circuit 111. 

The operation of the phase lock detector of the 
invention will best understood with reference to 

5 Figs. 2 and 3. 

If the demodulator input is a 4PSK signal, the 
phase detector 103 has four phase lock points 
lying on lines at ±45* and ±135* of the l-Q phasor 
diagram as shown in part (a) of Fig.2, in which the 

to plus and minus signs indicate the directions of 
phase advance and phase retard, respectively. If 
the phase of the transmitter carrier rotates in a 
given direction at a speed 2trAft, the phase detec- 
tor 103 will produce a waveform the amplitude of 

75 which varies monotonically between positive an 
negative values of periodic intervals At (= 1/4Af) 
as shown in part (b) of Fig. 2. 

The frequency range of the low-pass filter 107 
is narrower than the phase lock range of the de- 

20 modulator 101. If there is a large frequency de- 
viation, the frequency of the output of phase detec- 
tor 103 goes higher than the cutoff frequency of 
the low-pass filter 107, and so the most of the 
frequency components of the phase difference sig- 

25 nal is cut off by the low-pass filter 1 07 and noise 
prevails at the input of the absolute value circuit 
108 as indicated by a waveform 120 in Fig. 3. As 
the frequency deviation decreases, the phase de- 
tector output decreases and a beat frequency sig- 

30 nal as indicated by a waveform 121 appears at the 
output of low-pass filter 107. It is seen that the beat 
frequency signal has a much higher amplitude than 
the amplitude of the noise. 

After having been processed by the absolute 

35 value circuit 108, the beat frequency signal ap- 
pears as Indicated by a waveform 130 in Fig. 4, 
while the noise appears as indicated by a 
waveform 131. By averaging operation, the output 
of absolute value circuit 108 is converted to a DC 

40 voltage which is compared by the comparator 110 
with the threshold voltage. Comparator 110 pro- 
duces a logic 1 when the input DC voltage is 
higher than the threshold. Therefore, during an out- 
of-sync condition, the comparator 110 output is at 

45 logic 0 which causes the control circuit 111 to 
apply a disabling signal to loop filter 105 to cause 
it to terminate the application of its output to adder 
106 and the control circuit 111 is supplied with a 
frequency sweep command signal. As the frequen- 

50 cy sweep continues, the comparator output will 
eventually switch to logic 1 when the demodulator 
is approaching the boundary of the phase lock 
range. 

When supplied with a logic 1 from the com- 
55 parator 110, control circuit 111 removes the dis- 
abling signal from lead 113 and terminates the 
application of the sweeping voltage to adder 106. 
Therefore, the demodulator can be quickly pulled 
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into the phase locked state as soon as the fre- 
quency deviation crosses the boundary of the 
phase lock range. 

As shown in Fig. 5, the phase lock detector of 
the invention can alternatively be implemented by 
an integrator 200 and a comparator 201. The in- 
tegrator 200 provides integration of the output of 
phase detector 103 over a time interval AT which 
is greater than the period of the beat frequency 
signal when the carrier frequency deviation is large 
and is equal to or greater than the period of the 
beat frequency signal when that deviation is small. 
Comparator 201 compares the output of integrator 
200 with a threshold voltage and produces a pulse 
when the threshold is exceeded. Since the am- 
plitude of the beat frequency signal varies between 
positive and negative values and the period of the 
signal increases with a decrease in the carrier 
frequency deviation, the integration of the beat 
frequency signal over time interval AT produces a 
low voltage when the demodulator is outside of the 
phase lock range. As the carrier frequency de- 
viation decreases, the amplitude of the integrator 
output increases accordingly. When the demodula- 
tor approaches the phase lock range, the period of 
the beat frequency signal becomes equal to or 
greater than the time interval AT and the integrator 
200 produces an output having an amplitude ex- 
ceeding the threshold of the comparator 201. 

The foregoing description shows only preferred 
embodiments of the present invention. Various 
modifications are apparent .to those skilled in the 
art without departing from the scope of the present 
invention which is only limited by the appended 
claims. Therefore, the embodiments shown and 
described are only illustrative, not restrictive. 



and terminating said frequency sweep control volt- 
age when said detected magnitude exceeds said 
threshold value. 

2. A phas controlled demodulator as claimed 
5 in claim 1 , wherein said phase difference detector 

comprises a Costas loop. 

3. A phase controlled demodulator as claimed 
in claim 1, wherein said magnitude detecting 
means comprises: 

w a low-pass filter connected to the output of 

said phase difference detector; 

polarity inverting means for inverting a first 
polarity of the output of said phase difference de- 
tector and combining the inverted polarity with a 

75 second, opposite polarity of the output of said 
phase difference detector; and 

means for taking an average value of the 
output of said polarity inverting means and apply- 
ing the average value to said comparing means. 

20 4. A phase controlled demodulator as claimed 
in claim 1, wherein said magnitude detecting 
means comprises an integrator. 
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Claims 

40 

1. A phase controlled demodulator of the type 
comprising a voltage controlled oscillator for re- 
covering a carrier, means for demodulating a mod- 
ulated input signal with the recovered carrier to 
produce demodulated quadrature signals, a phase 46 
difference detector for detecting a phase difference 
between said demodulated quadrature signals, a 
loop filter connected to the output of said phase 
difference detector, means for supplying an output 
signal of said loop filter to said voltage controlled so 
oscillator when said demodulator is phase-locked 
with a received carrier and supplying a frequency 
sweep control voltage to said voltage controlled 
oscillator when said demodulator is out of phase 
with said received carrier, means for detecting the 55 
magnitude of the output of said phase difference 
detector, and means for comparing the detected 
magnitude with a predetermined threshold value 
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